Programmable Logic Controllers, Page 1 of 4
Technique OPS5

Technique Use solid state Programmable Logic Controllers (PLC's) in
system/equipment design to control and monitor systems and processes.

D PROGRAMMABLE LOGIC
%k CONTROLLERS

Use of programmable logic controllers resultsin ease of
maintenance through modularity, replaceability, and ability to
troubleshoot

Benefits System/equipment design using PLC's is a prime example of the
application of maintainability design objectives. PLC's are designed
with ease of maintenance and troubleshooting as a magjor function.
When virtually all components are solid state, maintenance is reduced to
the replacement of a modular, plug-in type component. Fault detection
circuits and diagnostic indicators, incorporated in each magjor
component, can tell whether the component is working properly. With
the programming tool, any programmed logic can be viewed to see if
input or outputs are on or off.

Key Words Controller, Programmable

Application Space Transportation System (STS), Facilities and Ground Support
Experience Systems.

Technical Conventional relay-based control systems are more subject to failure
Rationale and cannot handle complex processing as efficiently as PLC'S. Use of

PLC'sin system design will reduce failure rates and subsequent
downtime, ultimately saving a program money.

Contact Center K ennedy Space Center (K SC)
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PLC'S provide control capabilities not
possible in the past. Control systems
incorporating programmable controllers are
now able to operate machines and processes
with an efficiency and accuracy never before
achievable with conventiona relay-based
control systems. Usually, PLC architecture
ismodular and flexible, allowing hardware
and software elements to expand as the
application requirements change. If an
application outgrows the limitations of the
PLC, the unit can easily be replaced with a
unit having greater memory and input/output
capacity, and the old hardware can be reused
for asmaller application.

PL C attributes make install ation easy and
cost effective. Their small size alows PLC'S
to be located conveniently, often in less than
half the space required by an equivaent relay
control panel. On asmall scale changeover
from relays, the PLC'S small and modular
construction allows it to be mounted near the
relay enclosure and pre-wired to existing
terminal strips. Actual changeover can be
made quickly by smply connecting the
input/output devices to the pre-wired
terminal strips. Table 1 lists some features
available and benefits of PLC'S.

In large installations, remote i nput/output
stations are placed at optimum locations.
The remote station is connected to the
processor by apair of twisted wires. This
configuration results in a considerable
reduction of material and labor cost that
would have been associated with running
multiple wires and conduits.

PLC Components and Operation

PLC'S, regardless of size, complexity, or
cost, contain a basic set of parts. Some of
the parts are hardware; others are software
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Table 1. Typical Programmable Logic
Controller Features/Benefits

Features

Solid State Components

Benefits
High reliability

Programmable Memory Simplifies changes
Flexible control

Small Size Minimal space
reguirements

Microprocessor Based

Communications
capability

Higher level of
performance

Higher quality products
Multi-function capability

Software Timers/Counters

Eliminate hardware
Easily changed presets

Software Control Relays

Reduced hardware wiring
costs

Reduced space
reguirements

Modular Architecture

Installation flexibility
Easily installed
Hardware purchases
minimized
Expandability

Variety of 1/0 Interfaces

Controls variety of devices
Eliminates custom control

Remote /O Stations

Eliminates long wiring
conduit runs

Diagnostic Indicators

Reduced troubleshooting
time
Proper operation of signal

Modular /O Interface

Neat appearance of control
panel

Easily maintained

Easily wired

Quick 1/0 Disconnects

Service w/o disturbing
wiring

All System Variables
Stored in Memory

Useful management/
maintenance
Data can be output
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or programs. Figure 1, identifies the basic The principal function of the interfaceisto
parts of the PLC. In addition to a power receive and convert field signalsinto aform
supply system and a housing that is that can be used by the central processing
appropriate for the physical and electrica unit.
environment, PLC's consist of the following
parts: an input interface, central processor The Processor and Memory provide the main
unit (CPU), memory section, programming intelligence of the PLC. Fundamental
language, programming tool, and an output operating information is stored in memory as
interface. a pattern of bitsthat is organized into

working groups called words. Each word
The Input Interface provides connection to stored in memory is either an instruction or
the machine or process being controlled. piece of data. The data may be reference

---[PARTS OF A PROGRAMMABLE CONTROLLER]---
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Figure 1. Parts of a Programmable Controller
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data or a stored signal from the process that
has been brought in through the input
interface. The operation of the processor
and memory of the PLC can be described as
afairly simple repetitive sequence:

1. Look at the process being controlled.
This is accomplished by examining the
information from the input interface.

2. Compare the information with control
information supplied by and stored in the
program.

3. Decide whether any control action is
needed.

4. Execute the control action by
transmitting signals to the output
interface.

5. Look again at the inputs.

The processor continualy refersto the
program stored in memory for instructions
concerning its next action and for reference
data.

The Output I nterface takes signals from the
processor and translates them into forms that
are appropriate to produce control actions by
external devices.

The Program and Program Language. The
program is written by the user and stored in
the PLC. The program is arepresentation of
the actions that are necessary to produce the
desired output control signalsfor agiven
process condition. The program includes
sections that deal with bringing the process
datainto the controller memory, sections
that represent decision making, and sections
that deal with converting the decision into
physical output action. Programming
languages have many forms. Early versions
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were restricted to match the conventions of
relay logic which consisted of ladder
diagrams that specified contact closure types
and coils. Thistype of program consists of a
representation of arelay logic control
scheme. The relay ladder language types are
still popular. Alternative languages use
Boolean representation control schemes as
the base of the computer representation.

The Programming Tools provide connection
between the programmer and the PLC. The
programmer devises the necessary control
concepts and then tranglates them into the
particular program form required by the
selected PLC. The tool produces the pattern
of electrical signals that corresponds to the
symbols, letters, or numbersin the version of
the program that is used by humans.

Process | mprovements

The use of control and monitor equipment
with the benefit of a PLC could lead to:

* Increased system availability

» Decreased downtime requirements to
recover from afailure

e Decreased cost in materials and man-
hoursfor installation

* Increased system visibility

* Increased flexibility to meet new
requirements.

Reference
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